psychometric properties should be compared with other commonly used questionnaires. The internal consistency, test-retest reliability, and cross-sectional construct validity of the Thai FRI were evaluated, and the results reported that these statistical values were acceptable (Chansirinukor, 2015) . However, its responsiveness was not investigated.
Responsiveness is defined as the ability of the questionnaire to accurately detect clinically important change (Guyatt, Walter, & Norman, 1987) . Minimal clinically important difference (MCID) is defined as the smallest change in a questionnaire perceived as clinically meaningful change to the patient (Jaeschke, Singer, & Guyatt, 1989) . The purposes of this study were (a) to examine the responsiveness of the Thai FRI in patients with back and/or neck pain, (b) to estimate its MCID, and (c) to examine head-to-head comparisons of the Thai FRI and other disability questionnaires.
| METHODS

| Study design
The study design is a validation of a questionnaire and head-to-head comparisons.
| Subjects
Thai patients with back and/or neck pain were recruited from physical therapy departments in 9 hospitals in Thailand. The patients were included if they were (a) aged 18 years or older; (b) under physiotherapy treatment for a presence of back and/or neck pain; and (c) able to read, speak, and write Thai language. The patients who did not meet these criteria were excluded. Written informed consent was obtained from all patients before participation.
| Procedures
The patients with back and/or neck pain were asked to complete the questionnaires. The questionnaires were administered 2 times: (a) at the first visit and (b) at 2 weeks after the first visit, or at discharge, or at the visit that the patients reported 80% improvement from the first visit. At 2 weeks after the first visit, or at discharge, all patients completed the same questionnaires as administered in the first visit. Moreover, the patients and their treating physical therapists were required to independently complete the 7-point global perceived effect scales (GPES; 3 = completely recovered, 2 = much improved, 1 = slightly improved, 0 = no change, −1 = slightly worsened, −2 = much worsened, and − 3 = vastly worsened). Their ratings were used as an external criterion of change (Chansirinukor et al., 2004) .
| Instruments
The Thai RM consists of 24 items assessing disability associated with low back pain (LBP). Each item has a dichotomous scale (yes/no).
The scores range from 0 (no disability) to 24 (severe disability). The Thai RM showed high internal consistency with Cronbach's alpha of 0.83 (Jirarattanaphochai et al., 2005) ; high test-retest reliability with ICC(2,1) of 0.97; cross-sectional construct validity of 0.34; longitudinal construct validity of 0.52; and standardized response mean (SRM) of 1.36 (Pensri et al., 2002) . 
| Ethical considerations
| Data analysis
The mean and standard deviation (SD) were calculated for the first, follow-up, and change scores for all questionnaires. The patients in back and neck pain groups were analysed separately.
| Responsiveness
The responsiveness was evaluated in 2 ways based on distributionand anchor-based methods (Stratford, Binkley, & Riddle, 1996) . For the distribution-based method, the effect size (ES) and SRM were calculated. For the anchor-based method, the average GPES ratings of the patients and therapists were used as an external criterion of true change (Chansirinukor et al., 2004) . The correlation coefficient between the average GPES ratings of the patients and therapists with the change in questionnaire scores was analysed. Moreover, the AUC was determined. The receiver operating characteristic (ROC) curve is a graph plotted between the sensitivity and 1 − specificity. This curve requires a dichotomous external criterion (Deyo & Centor, 1986 ).
The AUC is interpreted as the ability of the questionnaires to distinguish improved patients from nonimproved patients according to the GPES ratings of the patients and therapists. The AUC ranges between 0.5 (no better than chance discrimination) and 1.0 (perfect discrimination; Beurskens, de Vet, & Koke, 1996) , which the AUC of at least 0.7 was acceptable Terwee et al., 2007) . This study used the averaged GPES ratings of the therapists and patients as an external criterion of true change. These values were grouped together and dichotomized.
The ES is defined as the difference between the mean initial and follow-up scores divided by the SD of the initial score. The SRM is defined as the difference between the mean initial and follow-up scores divided by the SD of the change scores (Liang, 2000) . To interpret the clinical importance of the ES and SRM, the values of 0.2, 0.5, and 0.8 or greater are used to represent small, moderate, and large ESs, respectively (Streiner & Norman, 2008) .
The correlation coefficient values between the average values of the GPES ratings of the patients and therapists with the change in questionnaire scores were computed using the Spearman rank correlation coefficient. Such correlation coefficient values for the Thai FRI and other 4 questionnaires were compared to determine whether there were significant differences using Meng, Rosenthal, and Rubin's (1992) equation.
| Head-to-head comparisons
The ES, SRM, and AUC of all questionnaires were computed and compared. The optimal cut-off points for the ROC curves with balanced sensitivity and specificity were considered as the MCID (Davidson & Keating, 2014) . The MCID values were estimated from the data points on the ROC curves that were closet to the upper left corner. All analyses were performed using the SPSS 19.0.
| RESULTS
Eighty-four patients with back pain and 52 patients with neck pain completed all items of the Thai FRI, and therefore, they were available for the analysis. The patients' characteristics are given in Table 1. The results from all analyses are given in Table 2 . The best cut-off points or MCID values were approximately 11.5 points (73% sensitivity and 78% specificity) for the back group and 12.5 points for the neck group (57% sensitivity and 80% specificity).
According to the analysis of Meng et al. (1992) 
| DISCUSSION
The Thai FRI was previously been cross-culturally adapted and tested for internal consistency, test-retest reliability, and cross-sectional construct validity (Chansirinukor, 2015) . This study aimed to examine the responsiveness of the Thai FRI, estimate its MCID, and compare its responsiveness with other commonly used questionnaires. The results showed that the Thai FRI was responsive with large ES. The MCID ranged from 11.5 to 12.5 FRI points for both patients with back and neck pain groups. In addition, the Thai FRI had comparable responsiveness with other commonly used functional disability questionnaires.
Regarding back and neck patient groups, the ES and SRM values for the Thai FRI were greater than 1.0, indicating adequate responsiveness (Terwee et al., 2007) . Regarding individual patients, the Thai FRI had adequate AUC with 11.5-12.5 FRI points for clinically meaningful change.
From the test-retest reliability analysis done previously, the minimum detectable change at 95% confidence (MDC95%) of the Thai FRI was calculated, with the SEM values of 0.9 for the back pain group and 0.8 points for the neck pain group. It was found that a change score in the Thai FRI of at least 2.5 points was needed to ensure that the change was not due to an error of measurement.
The SEM, MDC, and MCID were useful indicators for interpreting the change in questionnaire scores (Davidson & Keating, 2014 Duration of symptoms, a n (%):
• <7 days 16 (19.0%) 5 (9.6%)
• 1 week-3 months 25 (29.8%) 24 (46.2%) is 95% confidence that the true score falls within approximately ±2.5
FRI points of 40-point score. If this patient scores 20 points at 2-week follow-up, only statistical improvement occurs. However, a clinically meaningful change does not occur.
Comparing with the previous studies, Childs, Piva, and Fritz (2005) reported the AUC for the original FRI to 0. There were some limitations in this study. Some factors such as amount and progression of treatment per session, as well as range of duration of back or neck pain of the participants, were not controlled.
Moreover, the variability between the patients' change scores might have an influence on the responsiveness. The SRM relates to change of scores between baseline and follow-up scores. Although the anchor-based method seems not to consider the variability when compared with the distribution-based method (Portney & Watkins, 2009, pp. 648-649) , the following variability (e.g., baseline condition and between-and within-patient differences) can influence the responsiveness (de Vet et al., 2015) . Hence, these aforementioned factors might affect the change in questionnaire scores.
This study examined the responsiveness and estimated the MCID of the Thai FRI. The head-to-head comparisons of the Thai FRI and other functional disability questionnaires were also investigated. The
Thai FRI demonstrated adequate responsiveness to clinical change with large ES, thereby supporting its use for assessing functional disability in patients with back and/or neck pain. Its responsiveness was also comparable with other functional disability questionnaires.
| Implications for physiotherapy practice
The Thai FRI is sensitive to meaningful change in patients with back and/or neck pain. Its responsiveness is comparable with other functional disability questionnaires. The Thai FRI may be suggested for assessing disability associated with back and/or neck pain in clinic.
